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1 The effect of small doses of carbimazole on the binding rate constant of intrathyroidal iodide,
plasma methimazole concentrations and circulating thyroid hormone concentrations in five hyper-
thyroid patients is presented.
2 In all patients there was a marked reduction in iodide binding with carbimazole doses as low as 5 to
10 mg daily.
3 In three patients little further reduction in the observed binding rate occurred with daily doses in
excess of 10 mg despite progressive increases in plasma methimazole concentrations.
4 At the end of 4 weeks' treatment with 10 mg carbimazole daily, the reduction in thyroid hormone
concentrations and clinical improvement were such as to suggest that this dose may be an effective
starting dose in many patients.

Introduction

Carbimazole is the most widely used antithyroid drug
in Britain for the treatment of hyperthyroid patients.
The recommended starting dose is 30 to 60 mg daily in
three to four divided doses, which can be reduced to a
lower maintenance dose of 5 to 20 mg daily without
loss of control (Solomon, 1978) when the patient
becomes euthyroid. In this paper the plasma
methimazole concentrations, the intrathyroidal
iodide binding rate constant and the concentration of
circulating thyroid hormones are examined in a small
group of hyperthyroid patients receiving low doses of
carbimazole. The study is the preliminary part of a
larger one designed to test the hypothesis that the
normally recommended starting doses of antithyroid
drugs are unnecessarily high in many cases.

Methods

Patients

Five previously untreated hyperthyroid patients with
diffuse toxic goitre confirmed by radionuclide
imaging were studied. The patients' clinical details
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Table I Clinical details of patients

Age
Patient (years)

A
B
C
D
E

53
28
30
47
26

Duration of
Weight symptoms before

Sex (kg) therapy (months)

F
F
F
F
F

58
41
45
52
51

4
24
6
5
18

are set out in Table 1. Carbimazole was given orally at
twelve-hourly intervals. As a preliminary study the
first patient (A) agreed to be hospitalised and was
treated with 5 mg/day for the first week. The dose was
increased at weekly intervals to 10, 20, 30 and 40
mg/day during subsequent weeks. The four other
patients (B, C. D, and E), who were out-patients,
received 10 mg of carbimazole daily for the first 4
weeks. The dose was increased to 20 mg and then 30
mg per day during the subsequent four-weekly
periods (patient D received 10 mg of carbimazole
daily for 3 weeks only).
Venous blood was sampled from patient A 6 h after
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the dose on 3 to 4 days of each weekly treatment
period. In the remaining four patients, blood was
sampled weekly 5 h after a dose of carbimazole. The
thyroid hormone concentrations in these samples
were measured by radioimmunoassay and the plasma
methimazole and 3-methyl-2-thiohydantoin concen-
trations by high-performance liquid chromatography
(Skellern et al., 1980).

Kinetic analysis

The kinetics of thyroidal uptake of intravenous 1321_
iodide (50 ,Ci) in these patients were investigated
before treatment and on the last day of each treat-
ment period. This consisted of serial measurements
of thyroidal uptake, using an uptake counter (Hilditch
& Alexander, 1980), followed by a perchlorate dis-
charge test (300 mg of sodium perchlorate given intra-
venously) after 1 h. Several blood samples were
taken during the test for measurement of plasma
radioactivity. Each kinetic study was performed six
hours after the dose in patient A and approximately
5 h after the dose in the other four patients. The
uptake data was analysed on the basis of an open
three-compartment binding model of the gland using
an improved least sum of squares method (Hilditch
& Alexander, 1980). This analysis gave an esti-
mate of the binding rate constant of intrathyroidal
iodide which was verified by the result of the per-
chlorate discharge test (Hilditch, Horton &
Alexander, 1980).
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Figure I Variation of the iodide binding rate constant
(Kb, 0) and plasma methimazole (0), 3-methyl-2-
thiohydantoini (3-MTH, x) and thyroid hormone con-

centrations (T3 O, T4 * ) with increasing weekly doses
of carbimazole in patient A.

Results

The results from patient A in whom the dose of
carbimazole was increased weekly are shown in
Figure 1 where a reduction in the iodide binding rate
constant (Kb) is observed as the plasma methimazole
and 3-methyl-2-thiohydantoin concentrations in-
crease steadily, reaching values of 0.27 ,ug ml-' and
0.14 ,ug ml-1 respectively. A marked reduction in the
iodide binding rate constant was observed at the
lowest daily dose of 5mg/day. Binding inhibition was
greater at 10 mg/day but there was little further effect
for doses greater than 10 mg/day.
The effect of increasing the dose of carbimazole on

a four-weekly basis on the iodide binding rate con-
stant, plasma hormone concentrations and clinical
status, as reflected by a therapeutic index (Crooks,
Wayne & Robb, 1960), in patients B, C, D and E is
shown in Table 2, with the mean value of the plasma
concentrations of methimazole observed during each
four-weekly treatment period. Patients B and C were
similar to patient A in that there was little to be gained
in terms of reducing binding by increasing the dose
beyond 10 mg/day. All patients improved clinically
and patient C became biochemically euthyroid after 4
weeks' treatment with 10 mg/day carbimazole. The
monthly mean values of the binding rate constant
(Kb) and the weekly mean plasma methimazole and
thyroid hormone concentrations for these patients
are shown in Figure 2. There was a marked effect
overall on the iodide binding rate constant with a
daily carbimazole dose of 10 mg.

Figure 3 shows the relationship between the bind-
ing rate constant and the plasma methimazole con-
centrations at the time of the iodide kinetic study in
patients B, C, D and E. Intrathyroidal iodide binding
would appear to be markedly inhibited at plasma
methimazole concentrations greater than 0.1 ,g ml-'.

Discussion

Carbimazole, the 3-carbethoxy derivative of
methimazole, is rapidly metabolised in man to
methimazole, which is then further metabolised to
3-methyl-2-thiohydantoin (Skellem et al., 1980).
Methimazole has been shown to reduce the produc-
tion of thyroid hormones by inhibiting the iodination
of thyroglobulin and the coupling of iodinated tyrosyl
residues (Gilman & Murad, 1975). There is evidence
to suggest that 3-methyl-2-thiohydantoin, of which
the plasma concentrations were determined in
patient A (Figure 1) may act similarly (Skellern,
Mahmoudian & Knight, 1979).
The present study was an attempt to measure intra-

thyroidal iodide binding directly and to observe how
it varied with plasma methimazole concentrations in
patients receiving incremental doses of carbimazole.
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Table 2 Effect of different doses of carbimazole on intrathyroidal iodide binding, thyroid hormone concentrations
and clinical status in 4 hyperthyroid patients (each treatment period with a given dose lasted 4 weeks)

Plasma concentration
at time of iodide

kinetic study
(nmol 1-')

T3+ T4+t
5.8 196
7.1 200

10.1 238
5.8 184
3.8 127
2.5 103
3.8 118
2.9 121
2.3 74
1.3 34
1.4 22
1.3 45
1.5 34
1.5 32
0.6 22
1.0 30

Therapeutic index
at time ofiodide
kinetic study*

18
31
27
24
13
11
11
7
S
4
2
0
6
7
2
2

Binding rate
constant
(min-')

>0.150
>0.150
>0.150
>0.150

0.005
0.006
0.050
0.023
0.003
0.004
0.009
0.012
0.002
0.001
0.006

> 0.150**

Mean plasma
methimazole

concentration during
treatment period

(,g ml- ')

0.05
0.03
0.02
0.03
0.12
0.08
0.03
0.07
0.34
0.19
0.07
0.14

Normal T3 range 0.9 to 2.8 nmol l-'
Normal T4 range 55 to 144 nmol 1-'
0-5 indicates fully controlled hyperthyroidism
no methimazole detected in plasma at time of kinetic study due to patient's non-compliance; this zero

methimazole value is not included in the mean value of the last column.
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Figure 2 Variation of the mean iodide binding rate
constant (Kb, O ) and mean plasma methimazole
(-) and thyroid hormone concentrations (T3 0, T4 *)
with increasing doses of carbimazole, in patients B to E.

Concurrent changes in the concentration of circu-
lating thyroid hormone and clinical response of the
patients were also investigated.
Although the binding rate constant was measured

at 5 to 6 h after the oral dose of carbimazole, and its
value may differ from the binding rate constant at
other times, the results should reflect the relative
effectiveness of the daily dose studied because the
analyses were performed at the same time after the
drug was given. Similarly the measured methimazole
plasma concentrations do not necessarily represent
the mean plasma concentration for a particular daily
dose of carbimazole, but they should reflect a given
dose since they were taken at the same time (5 or 6 h)
after the carbimazole dose.
The results show that carbimazole in doses as little

as 5 to 10 mg/day has a marked effect on iodide
binding, reducing the observed binding rate constant
from > 0.15 min-I to 0.05 minm 'or less (Figures 1 and
2). A daily dose of 10 mg was sufficient to reduce the
circulating thyroid hormone concentrations in patients
B to E, with one patient (C) becoming biochemically
euthyroid after 4 weeks' treatment (Table 1). All four
patients became clinically and biochemically euthyroid
whilst receiving 20 mg/day. Because there is a delay of
4 to 8 weeks between the start of antithyroid drug
administration and reversion of circulating thyroid

Carbimazole
dose

(mg/day)

Before
treatment

10

20

30

Patient

B
C
D
E
B
C
D
E
B
C
D
E
B
C
D
E

++

**
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Figure 3 Iodide binding rate constants (Kb) in patients
B to E plotted against the plasma methimazole concen-
tration at the time the binding rate constant was deter-
mined.

hormones to euthyroid levels (DeGroot & Stanbury,
1975), the dose increment may not have been neces-
sary to reduce hormone levels to the euthyroid range.
It may well be that all four patients would have be-
come euthyroid on 10 mg carbimazole a day. More-
over the inhibition of the production of the thyroid
hormones may be partly attributable to 3-methyl-2-
thiohydantoin which has a plasma half-life at least
three times longer than methimazole (Skellern et al.,
1980), and has been detected in thyroid tissues of

patients receiving either carbimazole or methimazole
(Skellern et al., 1977).
The present findings contrast with previous results

which suggested that 10 mg methimazole daily would
not achieve sufficient inhibition of iodide binding
(Berson & Yallow, 1955). A longer study on a larger
group of patients would seem to be justified to prove
whether treatment of hyperthyroidism with car-
bimazole, 10 mg daily, is effective in achieving the
euthyroid state.
Treatment at this low dose might reduce the in-

cidence of methimazole toxicity (Wiberg & Nuttal,
1972; Fischer, Nayer & Miller, 1973; McGavack &
Chevalley, 1954) and would be desirable in the treat-
ment of hyperthyroidism in pregnancy to ensure that
foetal hypothyroidism is avoided (Hamburger, 1972).
There would appear to be a relationship between

the intrathyroidal iodide binding rate constant and
the plasma methimazole concentration at the time of
the iodide kinetic investigation (Figure 3). The re-
duction in the binding rate constant is so great that its
value has been reduced by a factor greater than 3,
before plasma methimazole can be quantitatively
measured (0.02 ,ug ml-'). At methimazole concen-
trations greater than 0.1 ,ug ml-' the iodide binding
rate constant has reached negligible proportions.

This research has been supported by grants from the
Scottish Home and Health Department and the Scottish
Hospital Endowments Research Trust.

Reprint requests should be addressed to Dr W.D.
Alexander.

References

BERSON, S.A. & YALLOW, R.S. (1955). The iodide trapping
and binding functions of the thyroid. J. clin. Invest., 34,
186-204.

CROOKS, J., WAYNE, E.J. & ROBB, R.A. (1960). A clinical
method of assessing the results of therapy in thyrotoxi-
cosis. Lancet, i, 397-401.

DEGROOT, L.J. & STANBURY, J.B. (1975). In The Thyroid
and its Diseases, pp. 314-367. London: John Wiley.

FISCHER, M.G., NAYER, H.R. & MILLER, A. (1973).
Methimazole-induced jaundice. J. Am. med. Ass., 233,
1028-1029.

GILMAN, A.G. & MURAD, F. (1975). In The pharma-
cological basis of therapeutics, 5th edition, eds. Good-
man, L.S. & Gilman, A., pp. 1398-1422. New York:
Macmillan Company.

HAMBURGER, J.1. (1972). Management of the pregnant
hyperthyroid. Obstet. Gynaecol., 40, 114-121.

HILDITCH, T.E. & ALEXANDER, W.D. (1980). Unexpected
differences in early thyroidal trapping of iodide and
pertechnetate. Eur. J. nucl. Med., 5, 115-117.

HILDITCH, T.E., HORTON, P.W. & ALEXANDER, W.D.
(1980). Quantitation of thyroidal binding of iodide by
compartmental analysis verified by an intravenous
perchlorate discharge test. Eur. J. nucl. Med., 5,
505-510.

McGAVACK, T.H. & CHEVALLEY, J. (1954). Untoward
haematological responses to antithyroid compounds.
Am. J. Med., 17,36-40.

SKELLERN, G.G., KNIGHT, B.I., LUMAN, F.M., STEN-
LAKE, J.B., McLARTY, D.G. & HOOPER, M.J. (1977).
Identification of 3-methyl-2-thiohydantoin, a meta-
bolite of carbimazole, in man. Xenobiotica, 7, 247-253.

SKELLERN, G.G., KNIGHT, B.I., LOW, L.C.K.,
ALEXANDER, W.D., McLARTY, D.G. & KALK, W.J.
(1980). The pharmacokinetics of methimazole after oral
administration of carbimazole and methimazole in
hyperthyroid patients. Br. J. clin. Pharmac., 9, 137-143.

SKELLERN, G.G., MAHMOUDIAN, M. & KNIGHT, B.I.
(1979). High-performance liquid chromatographic
assays for studying the formation of iodotyrosines and
iodothyronines in sheep thyroid peroxidase prepara-
tions. J. Chromatogr., 179, 213-218.

SOLOMON, D.H. (1978). In The thyroid, a fundamental and
clinical text. Fourth edition, eds Werner, S.C. & Ingbar,
S.H., pp. 816-817. Maryland: Publishers Inc. Harper
and Row.

WIBERG, J.J. & NUTTALL, F.Q. (1972). Methimazole
toxicity from high doses. Ann. int. Med., 77. 414-416.

(Received September29, 1980)


